AbstractSuperconducting receive coils can be used to improve the signal to noise ratio of a MRI system. The greatest improvement is seen in cases where it is the coil noise dominates the noise. This is the case for low field MRI where surface coils are used. 
Magnetic Resonance Imaging (MRI) is one of the most powefil imaging techniques available to modern medicine. Conventional MRI systems require high magnetic fields to generate a sufficient signal to noise ratio (SNR) to be able to create images in a reasonable time. High field MRI systems require superconducting magnets which lead to the systems being expensive in terms of capital cost, running costs and space requirements.
If the use of expensive high field magnets is to be avoided it is necessary to increase the available SNR at lower fields. Since the use of a lower field means a lower signal, the SNR must be recovered by having a lower noise level. It has been shown that high Tc superconductor receive coils can improve SNR [ 1-41 if the coil noise dominates the system. This is true in the case of surface coils used in low field systems. This paper describes results in the development of a very low field MRI system.
BACKGROUND
There are two main sources of noise that affect the signal, body noise which is due to losses in the patient's tissue and coil noise which is due to the resistance of the coil. The S N R can be expressed in terms of the noise resistances as [5] where Rcoil is the coil resistance, Tcoil, Rho+ is the effective where q is the Lamour frequency and pb+ is the electrical resistivity of the body. The Lamour frequency is given by where BO is the applied magnetic field and y is the gyromagnetic ratio, which for hydrogen is 26.8 x lo7 T'.
In high field systems the noise is dominated by the body noise. At low fields and using a surface coil, i.e. a is small, the body noise in reduced. Thus the SNR is dominated by the coil noise. Since the coil noise dominates in these systems the SNR can be improved by reducing the noise due to the coil by reducing it temperature or resistance. The resistance of a superconductor is much lower than that of a metal at the frequencies used in MRI. It is not, however, zero because of a.c. loss mechanisms. The fact that superconductors require low temperatures to operate also improves the SNR. It is important to note that cooling a conventional metal coil will also improve the SNR. As a result it is important to compare the results of superconducting coils with cooled metal coils rather than just with conventional room temperature coils. This paper discussed results that form part of a project to develop a compact, low cost MRI system that will operate at a very low field (0.01 T). These investigations are centred around proving the subsystem design in a conventional low field system before moving to lower fields. The results described here are for thick film YBCO coils operating at 77 K in a conventional 0.15 T MRI system. YBCO thick films have the advantage over thin films in that they are lower cost and they are easier to produce in the large areas that are required for the MRI coils. Large areas are required because the field of view is dependent on the size of the receive coil. Comparisons are made with copper and silver coils of the same design. 
A. YBCO Thick Films
The production of YBa2Cu307 thick films is discussed in detail elsewhere [7] . In brief, a YBCO powder is made by mixing BaC03, CuO and Y203 powders together, heating them to about 900°C and then grinding to form a fine powder. The powder is mixed with solvents and polymers for form a thick ink. The ink is deposited on to both sides of a 100 mm square 1 mm thick 3 mol% yttria stabilised zirconia substrate by doctor blading. The coated substrates are then sintered in oxygen at around 1050°C. After firing the thick film is masked and one side is patterned in to a 4 turn coil.
The other side of the substrate, with the aid of a superconducting via through the substrate, allows the contact pads for the two ends of the coil to be in close proximity at the edge of the substrate. Silver pads are applied to the contacts by firing on a silver paste. Coils with a higher number of turns were produced but are not suitable for use at 6.1 MHz as their self resonant frequencies were below 6.1
MHz. This was due to the high self capacitance caused in part by the high dielectric constant of the substrate material.
B. Metal coils
Copper coils of the same geometry as the superconducting coil were produced by etching copper coated fibreboard. Silver coils were produced by screen printing a silver ink onto a 100 mm square 1 mm thick alumina substrate and firing at about 800°C
Iv. MIZASUREMENTS
All the coils were tuned to a resonant frequency of 6.1
MHz and matched to 50 SZ using a combination of fixed ceramic chip capacitors and variable PTFE capacitors. Low 
C, Q Measurements
The Q of the coils was measured using a HP4194A Impedance/Gain-Phase Analyser in Gain-Phase mode. The coil was excited by a single turn loop and a second loop measured the coil's response. The loops were weakly coupled to the coil. The results are shown in Table 11 .
D. SNR Measurements
SNR measurements were carried out in a SMIS IMIG 0.15 T whole body MR imager The coils were connected to the imager in the same manner as a commercial surface coil. SNR measurements were carried out by taking images of a cylindrical p h t o m of a solution of 150 mM NaCl with 1 mM CuSO4 in water. The images were acquired using a spin echo sequence with the parameters given in Table 11 . The SNR results as a function distance from the coil are shown in Fig. 1. 
v. WRIST IMAGES
MR images of a human wrist were taken using some of the coils with the imaging parameters given in Table 11 . A quick Fig. 2 . MRI images taken using a) a mom temperature copper coil, b) a 77 K silver coil, c) a 77 K YBCO coil. D) is a scout scan using the YBCO coil at 77 K gradient echo image was acquired, also called a scout scan, to determine the position of the wrist in the imager and thus to define the region of interest and orientation for the full Wrist images. Fig. 2 . shows coronal wrist images through the same slice using a) a copper coil at room temperature, b) a silver coil at 77 K and c) a YBCO coil at 77 K. Also show (Fig. 2d) is a scout scan for the YBCO coil. It is interesting to note the quality of the scout scan considering its acquisition time was only 17 s compared with 450 s for the full images. Images of this quality were not expected with the scout scan and it suggests that to optimise the system it will be necessary to choose a different imaging sequence than would be used for conventional coils. It is clear fiom the images in Fig. 2 that VI. CONCLUSION Thick f i l m YI3CO MRI receive coils have been manufactured and tested in a 0.15 T system. The SNR and thus image quality achieved is superior that of cooled silvta and copper. The S N R of the superconducting coil is about a factor of 3 greater than that of silver cooled to 77 K. The fast gradient echo scout image was of surprisingly good qualily suggesting that work is required to determine the optimum image sequence for superconducting coils.
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